Summary &horbar; Propylthiouracil (PTU), thyroxine (T4) or thyreoliberin (TRH) were injected in ovo to modify the thyroid state of chicken embryos. Significant sexual differences were observed in the effects of these treatments on the plasma concentrations of thyroid hormones and on plantaris muscle characteristics (DNA, RNA, populations of muscle fibers) in 3-and 35-day old male and female chickens. The T4 plasma concentration is lower in control males; it is decreased in PTU treated females and in the T4 treated females at 35 days. The T3 plasma concentration is lowered at 3 days in all treated chickens and also at 35 days in the TRH treated animals. The slow (STnO) and the fast (FTOG) fibers of the plantaris are always more numerous in males. In controls, the number of FTOG fibers remains steady between 3 and 35 days; at the same time, the number of STnO fibers rises in males only. Both PTU and T4 treatments increase the number of the FTOG and the STnO fibers respectively before and after the 3rd day. TRH treatment increases the number of STnO fibers at 3 and 35 days in males, but reduces it at 3 days in females. Thus changes in the number of FTOG fibers can be induced during in ovo myogenesis, whereas the number of STnO fibers may increase after hatching. 
INTRODUCTION
The skeletal muscle is made up of multinucleated fibers belonging to 3 main categories. In the terminology of Peter et al (1972) , they are classified according to their speed of contraction and metabolism: 1 fast-twitch glycolytic fibers (FTG) ; 2), fast-twitch oxido-glycolytic fibers (FTOG) and slow-twitch oxidative fibers (STO). In birds, STO fibers are present but the slow fibers are mostly slow tonic multiinnervated oxidative fibers, here noted as STnO fibers.
In birds as in mammals, thyroid hormones (TH) contribute to the regulation of the ponderal growth and to the regulation of multiple biological processes. TH play a pivotal role in the differentiation and the maturation of many tissues; in muscle, TH can change the total number of fibers (TNF) and regulate the relative abundance of muscle fibers of various types.
In adult rats, surgical hypothyroidectomy decreases the body weight and lowers the percentage of the fast-twitch fibers in the 4 muscles studied (soleus, plantaris, adductor longus, diaphragma) whereas hyperthyroidism induced by T3 injection decreases body weight but increases the percentage of fast-twitch fibers in the same muscles (lanuzzo et al, 1980) .
In the fowl, the in ovo administration of methylmercaptoimidazole, an antithyroid drug, increases the number of FTOG fibers in the plantaris and flexor digitorum muscles of adult male chickens (Bacou et al, 1980 (1978) was used with slight modifications. All operations were carried out at 0°C. One plantaris muscle was homogenized using an Ultraturrax in 2.5 ml of 0.4 N PCA. The final homogenate was centrifuged at 2 500 g for 20 min and the supernatant discarded. The pellet was washed once in 1 ml PCA 0.2 N and the supernatant discarded. The new pellet was dissolved in 2.5 ml 0.3 N NaOH and incubated at 37 °C for 1 h. 0.35 ml 3 N ice cold PCA were added and the samples were maintained on ice for 10 min before centrifugation (2 500 g for 20 min). The supernatant was collected and the pellet washed once in 2 ml of 0.4 N PCA. Both supernatants were pooled for RNA determination. The pellet was further dissolved in 2.5 ml 0.3 N NaOH. The solution was made acidic with 0.4 ml 3 N icecold PCA and further with 0.7 ml 1 N PCA; the samples were then heated to 70 °C for 15 min and quickly refrigerated in ice for 10 min. The supernatant was kept and the pellet was collected once in 1 ml PCA 0.2 N. Both supernatants were pooled for DNA determination.
RNA and DNA were estimated by spectrophotometric determination, at 260 nm for RNA, using yeast RNA as standard, and at 266 nm for DNA using calf thymus DNA as standard. 
T4 and T3 assays

RESULTS
In the PTU treated chickens, hatching occurred 3 days later than in controls; there was a 40% range of hatching ability. TRHtreated chickens hatched 0.5 day in advance. The hatching ability and the survival of T4 and TRH treated animals were similar to that of controls.
The plasma levels of T4 and T3 varied respectively from 2.73 to 6.61 ng/ml and from 0.59 to 2.58 ng/ml (fig 1) . In controls and in TRH-treated chickens T4 levels were lower in males. PTU and T4 treatments tended to reverse these sexual differences. Fiber populations in the plantaris muscle Increases in plantaris total number of muscle fibers (TNF) were ascertained in all treated chickens, with the exception of TRH treated females. These changes correspond to alterations of the in ovo myogenesis since they were measured from the 3rd day after hatching, but they also correspond to modifications in the postnatal evolution of TNF. Moreover, the treatments diversely affected the various populations of muscle fibers.
In PTU treated chickens the TNF is greater, as Bacou et al (1980) (Schmidt-Achert et al, 1984) . In vivo, this could result in a greater survival of motor neurones during embryonic life, and in a related increase in the number of fibers (Ross et al, 1987) .
Our treatments interfere with myogenesis. They have quantitative rather than qualitative effects. Thus, PTU in ovo in the chicken and an experimental hypothyroidism in newborn or in adult rats differently affect the populations of muscle fibers. In newborn rats, PTU administration from birth inhibits the normal increase of slow and fast fiber numbers in the soleus muscle (Sugie and Verity, 1985) . But this also induces muscle metabolic disturbances (Nemeth et al, 1989 ) and a marked diminution of body weight and cell multiplication. Since early postnatal protein restriction in rats and malnutrition in mice inhibit the increase of fast and slow fiber numbers (Ihemelandu, 1985; Timson and Dudenhoeffer, 1985) , the TNF reduction reported by Sugie and Verity (1985) could be the consequence of hypotrophy in their animals rather than a direct effect of hypothyrodism, whereas acute antenatal treatment of the chickens does not induce hypotrophy or DNA lowering. In adult rats, surgical thyroidectomy does not modify the TNF but lowers the percentage of fast fibers (lanuzzo et al, 1980; Nwoye and Mommaerts, 1981 ) . In fact, thyroid hormones affect the synthesis of the muscle myosin isoforms during development (Butler-Browne et al, 1984) , regeneration (d'Albis et al, 1987) , and at the adult stage (Izumo et al, 1986 
